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Abstract
:KHQVHDUFKLQJIRUKRVWVRQDSODQWIHPDOHSDUDVLWRLGVXVHVWUDWHJLHVWRPD[LPL]HHIILFLHQF\6HDUFKLQJ
VWUDWHJLHVLQFOXGHWKHH[SUHVVHGEHKDYLRUVWKHWLPHEXGJHWDVVRFLDWHGZLWKHDFKEHKDYLRUWKHWLPH
DOORFDWHGWRWKHGLIIHUHQWSODQWSDUWVDQGWKHH[SORUDWLRQVHTXHQFHRISODQWSDUWV6HDUFKLQJHIILFLHQF\
UHIHUVWRWKHWLPHWDNHQWRILQGWKHILUVWHJJWKHQXPEHURIHJJVIRXQGSHUIRUDJLQJWLPHXQLWDQGWKH
UHHQFRXQWHULQJIUHTXHQF\RIHJJVGXULQJDIRUDJLQJSHULRG7KLVVWXG\H[DPLQHVWKHHIIHFWRIDUWLILFLDO
VLPSOHIHZOHDYHVDQGFRQQHFWLRQVDQGFRPSOH[SODQWVWUXFWXUHVPRUHOHDYHVDQGFRQQHFWLRQVRQ
VHDUFKLQJVWUDWHJ\DQGVHDUFKLQJHIILFLHQF\RIWKHHJJSDUDVLWRLG Trichogramma turkestanica 0H\HU
+\PHQRSWHUD7ULFKRJUDPPDWLGDH$QDO\VHVRIIUHTXHQF\DQGGXUDWLRQRIEHKDYLRUVDVVRFLDWHGZLWK
VHDUFKLQJRQDUWLILFLDOSODQWVRIGLIIHUHQWFRPSOH[LWLHVZHUHSHUIRUPHG3ODQWVWUXFWXUHKDGQRHIIHFWRQ
WLPHDVVRFLDWHGZLWKORFRPRWLRQEHKDYLRUVVXFKDVZDONLQJVWDQGLQJDQGIO\LQJ+RZHYHULWKDGDQ
LPSDFWRQWKHDUHDVHDUFKHGZKLFKZDVVLJQLILFDQWO\JUHDWHURQVLPSOHSODQWVWUXFWXUH$OVRWLPHVSHQW
RQDOHDIZLWKRXWHQFRXQWHULQJDQHJJZDVJUHDWHURQFRPSOH[SODQWVWUXFWXUHFRPSDUHGWRVLPSOHRQH
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VSHQWZDONLQJRQWKHGLIIHUHQWSODQWSDUWVVXFKDVWZLJVOLPEVOHDISHULPHWHUVDQGOLPEVRILQIHULRUDQG
VXSHULRUOHDIVLGHV5HVXOWVVKRZHGWKDWIHPDOHSDUDVLWRLGVVSHQWOHVVWLPHDFWLYHO\H[SORULQJFRPSOH[
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:KHQ VHDUFKLQJ IRU KRVWV RQ D SODQW IRUDJLQJ
IHPDOH SDUDVLWRLGV PDNH VWUDWHJLF GHFLVLRQV VXFK
DV ZKHUH DQG KRZ ORQJ WR VHDUFK DQG ZKHWKHU RU
QRW WR DFFHSW D KRVW RQFH LW LV GLVFRYHUHG 7KH
RXWFRPH RI WKHVH GHFLVLRQV FDQ JUHDWO\ LQIOXHQFH
WKH VXUYLYDO DQG ILWQHVV RI SDUDVLWRLGV 2SWLPDO
IRUDJLQJ WKHRU\ SUHGLFWV WKDW D IRUDJHU VKRXOG
PD[LPL]H LWV HQFRXQWHU UDWH ZLWK WKH PRVW
VXLWDEOH DQG SURILWDEOH KRVWV DQG ZKHQ KRVWV DUH
DEXQGDQW DYRLG LQGLYLGXDOV RI ORZHU TXDOLW\
6WHSKHQV DQG .UHEV  6HDUFKLQJ VWUDWHJLHV
DUH LPSOLFLW LQ PDQ\ PRGHOV WKDW IRFXV RQ
SDUDVLWRLG IRUDJLQJ EHKDYLRU +DVVHOO DQG
6RXWKZRRG  9HW DQG 'LFNH  :HLVVHU
 3RZHOO HW DO  9HW  :DMQEHUJ
 6HDUFKLQJ VWUDWHJLHV UHVXOW IURP JHQHWLF
OHDUQHG DQG VHQVRU\ VRXUFHV RI LQIRUPDWLRQ
DYDLODEOH WR DQ LQVHFW DQG KDYH EHHQ GHILQHG DV
VHWV RI EDVLF UXOHV RI VFDQQLQJ DQG PRYHPHQW WKDW
UHVXOW LQ HIIHFWLYH KRVW HQFRXQWHU %HOO  9HW
DQG'LFNH
+RVW HQFRXQWHU UDWH GHSHQGV RQ WKH DUHD VHDUFKHG
SHU WLPH XQLW 6NHOODP  KDQGOLQJ WLPH DQG
UHDFWLYH GLVWDQFH %UXLQV HW DO  ,W DOVR
GHSHQGV RQ WKH EHKDYLRUDO DFWLYLWLHV LQKHUHQW WR
VHDUFKLQJ DQG RYLSRVLWLQJ DQG WKH WLPH EXGJHW RI
WKHVH DFWLYLWLHV $ IHPDOH SDUDVLWRLG WKDW VSHQGV
PRVW RI LWV WLPH ZDONLQJ KDV PRUH FKDQFH RI
ILQGLQJ D KRVW WKDQ D VHVVLOH IHPDOH +LJK ZDONLQJ
YHORFLW\ UHVXOWV LQ D KLJKHU SUREDELOLW\ RI
HQFRXQWHULQJ KRVWV RU FXHV WKDW PD\ OHDG WKH
IHPDOH WR WKH KRVW %LHUL HW DO  GLVFXVVHG LQ
%LJOHU HW DO  6XYHUNURSS HW DO  %LJOHU
HW DO  VKRZHG D UHODWLRQVKLS EHWZHHQ
ZDONLQJ VSHHG DQG SDUDVLWLVP RI HJJ PDVVHV RI
Ostrinia nubilalis LQ WKH ILHOG E\ GLIIHUHQW
ODERUDWRU\UHDUHG VWUDLQV RI Trichogramma
brassicae   maidis $JH RI IHPDOH SDUDVLWRLGV
DOVR DSSHDUV WR DIIHFW VHDUFKLQJ DFWLYLW\ VLQFH
\RXQJ IHPDOHV ZLWK D KLJKHU HJJ ORDG VKRZHG
KLJKHU UDWHV RI PRYHPHQW WKDQ ROGHU RQHV ZLWK
IHZHUHJJV3DNHWDO
0RVW VWXGLHV RQ IRUDJLQJ WKHRU\ DQG IRUDJLQJ
EHKDYLRU KDYH IRFXVHG RQ KRVW FKDUDFWHULVWLFV
VXFK DV KRVW GHQVLW\ DQG GLVWULEXWLRQ EXW WKH
KDELWDW WKH SODQW DQG WKH SODQW VWUXFWXUH PD\ DOVR
DIIHFW SDUDVLWLVP OHYHOV 5RPHLV  3ODQW
VWUXFWXUH FDQ EH GHILQHG E\ LWV VL]H KHLJKW
KHWHURJHQHLW\ GLYHUVLW\ RI SODQW SDUWV DQG
FRQQHFWLYLW\ DEVROXWH QXPEHU RI FRQQHFWLRQV
EHWZHHQ SODQW FRPSRQHQWV *LQJUDV HW DO 
3ODQW SK\VLFDO FKDUDFWHULVWLFV FDQ LPSDLU
PRYHPHQW DIIHFW VHDUFKLQJ WLPHV DQG IRUDJLQJ
VXFFHVV RI SUHGDWRU\ LQVHFWV *UHYVWDG DQG
.OHSHWND  DQG SDUDVLWRLGV $QGRZ DQG
3URNU\P  /XNLDQFKXN DQG 6PLWK 
/RYLQJHU HW DO  6XYHUNURSS HW DO 
:DQJ DQG .HOOHU  &OR\G DQG 6DGRI 
IRXQG WKDW GLIIHUHQW FKDUDFWHULVWLFV RI SODQW
VWUXFWXUH VXFK DV SODQW KHLJKW VL]H OHDI QXPEHU
OHDI VXUIDFH DUHD DQG EUDQFK QXPEHU ZHUH
QHJDWLYHO\FRUUHODWHGZLWKSDUDVLWRLGDWWDFNUDWH
,Q WKLV VWXG\ VHDUFKLQJ VWUDWHJLHV ZHUH GHILQHG DV
WKH WLPHEXGJHW RI EHKDYLRUDO DFWLYLWLHV WKH WLPH
DOORFDWHG WR GLIIHUHQW SODQW SDUWV DQG WKH
H[SORUDWLRQ RUGHU RI SODQW SDUWV 6HDUFKLQJ
HIILFLHQF\ LQFOXGHV WKH WLPH WDNHQ WR ILQG WKH ILUVW
HJJ WKH QXPEHU RI HJJV IRXQG SHU XQLW RI IRUDJLQJ
WLPH DQG WKH UHHQFRXQWHU IUHTXHQF\ RI HJJV
GXULQJ D IRUDJLQJ SHULRG %DVHG RQ WKH UHVXOWV RI
*LQJUDV HW DO  ZKR IRXQG WKDW FRQQHFWLYLW\
LV WKH SODQW VWUXFWXUH FRPSRQHQW WKDW PRVW DIIHFWV
IRUDJLQJ Trichogramma ZH K\SRWKHVL]HG WKDW
SODQW FRQQHFWLYLW\ DIIHFWV VHDUFKLQJ VWUDWHJLHV DQG
VHDUFKLQJ HIILFLHQF\ RI IHPDOH SDUDVLWRLGV )HPDOH
SDUDVLWRLGV PD\ EH PRUH HIILFLHQW ZKHQ VHDUFKLQJ
RQ VLPSOH SODQW VWUXFWXUHV WKDQ RQ FRPSOH[ RQHV
,I OLQHDU PRYHPHQWV DUH SUHGRPLQDQW WKLV
K\SRWKHVLV SUHGLFWV WKDW KRVW HJJV VLWXDWHG DORQJ
WKH WZLJ ZRXOG EH PRUH IUHTXHQWO\ HQFRXQWHUHG
DQG SDUDVLWL]HG WKDQ WKRVH VLWXDWHG RQ OHDYHV
EHFDXVH WKH\ DUH ORFDWHG DORQJ D UHODWLYHO\ VWUDLJKW
OLQH ZKLOH WKRVH RQ OHDYHV UHTXLUH WKDW IHPDOHV
WDNHHYHU\FRQQHFWLRQPHW
7KH SUHVHQW VWXG\ H[DPLQHG XQGHU ODERUDWRU\
FRQGLWLRQV WKH HIIHFW RI SODQW FRQQHFWLYLW\ RQ
VHDUFKLQJ VWUDWHJ\ DQG VHDUFKLQJ HIILFLHQF\ RI
Trichogramma turkestanica 0H\HU
+\PHQRSWHUD 7ULFKRJUDPPDWLGDH IRUDJLQJ RQ
VLPSOH DQG FRPSOH[ DUWLILFLDO SODQW VWUXFWXUHV
FRQWDLQLQJ HJJV RI WKH KRVW Ephestia kuehniella
=HOOHU/HSLGRSWHUD3\UDOLGDH
Materials and Methods
$OO H[SHULPHQWV XVHG IHPDOH T. turkestanica
UHDUHG DW  &  /' RQ FROGNLOOHG HJJV RI
WKH 0HGLWHUUDQHDQ IORXU PRWK E. kuehniella
)HPDOH SDUDVLWRLGV ZHUH OHVV WKDQ  KRXUV ROG
PDWHG XQIHG SULRU WR WKH H[SHULPHQW QDLYH ZLWK
UHVSHFW WR WKH SODQW DQG KDG QR SUHYLRXV
RYLSRVLWLRQH[SHULHQFH
3ODQW VWUXFWXUH FDQ EH GHILQHG E\ LWV VL]H KHLJKW
KHWHURJHQHLW\ GLYHUVLW\ RI SODQW FRPSRQHQWV DQG
FRQQHFWLYLW\ DEVROXWH QXPEHU RI FRQQHFWLRQV
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9RO_$UWLFOH Figure 15HSUHVHQWDWLRQRIWKHH[SHULPHQWDOVHWXSIRUWKHFRPSOH[$DQGVLPSOH%DUWLILFLDOSODQWVWUXFWXUHV
7KHFRPSOH[SODQWFRQVLVWHGRIDSODVWLFWZLJFPORQJFRPSULVLQJOHDYHVDQGSHWLROHVFPORQJ7KHWZLJ
ZDVVXSSRUWHGE\DVWUDLJKWVKDIWFPORQJLQVHUWHGLQDZRRGEDVH7KHVLPSOHSODQWZDVLGHQWLFDOWRWKHFRPSOH[
RQHH[FHSWOHDYHVQXPEHUDQGDQGDOOSHWLROHVZHUHUHPRYHG7KHZKLWHFLUFOHVUHSUHVHQWWKHHJJV7KHGLJLWV
RQOHDYHVFRUUHVSRQGWROHDIDQGHJJQXPEHUV7KHSRLQWRIUHOHDVHRI Trichogramma IHPDOHVLVDOVRUHSUHVHQWHG
EHWZHHQ SODQW FRPSRQHQWV *LQJUDV HW DO 
6LPSOH DQG FRPSOH[ SODQWV ZHUH XVHG WR GHWHFW DQ
HIIHFW RI SODQW VWUXFWXUH RQ UDWHV RI SDUDVLWLVP
7KH FRPSOH[ DUWLILFLDO SODQW FRQVLVWHG RI D SODVWLF
WZLJ  FP ORQJ FRPSULVLQJ  OHDYHV DQG 
FRQQHFWLRQV SHWLROHV RI  FP ORQJ 7KH WZLJ
ZDV VXSSRUWHG E\ D VWUDLJKW  FP ORQJ VHJPHQW
ZKLFK ZDV LQVHUWHG LQ D ZRRG EDVH )LJXUH  D 7R
REWDLQ WKH VLPSOH DUWLILFLDO SODQW DOO FRQQHFWLRQV
ZHUH FXW DQG OHDYHV QXPEHU  DQG  ZHUH
UHPRYHG 7KXV VLPSOH SODQWV KDG QR FRQQHFWLRQV
DQG RQO\  OHDYHV WKDW ZHUH GLUHFWO\ JOXHG WR WKH
WZLJ )LJXUH  E 2Q HDFK OHDI DQG RQ ERWK VLGHV
LQIHULRU DQG VXSHULRU D OLPE LQ EODFN LQ )LJXUH
 DQG D SHULPHWHU D ]RQH VLWXDWHG ZLWKLQ  PP RI
OHDI PDUJLQ UHSUHVHQWHG LQ ZKLWH RQ )LJXUH 
ZHUH GLVWLQJXLVKHG 2Q WKH LQIHULRU VLGH OHDYHV
KDG YHLQV 2QH HJJ RI E. kuehniella ZDV JOXHG DW
WKH WLS RI HDFK OHDI ZLWKLQ WKH SHULPHWHU ]RQH RQ
WKH VXSHULRU VLGH DQG WZR HJJV ZHUH JOXHG RQ WKH
WZLJ RQH DW HDFK H[WUHPLW\ )LJXUH  7KH GLJLW RQ
WKH OHDI ZDV DOVR XVHG WR LGHQWLI\ HJJV OHDI HJJ
HWF HJJ QXPEHU HLJKW ZDV FORVHVW WR WKH UHOHDVH
SRLQW RQ WKH WZLJ 7KLV H[SHULPHQW FRQWUROV IRU
FKDQJHV LQ HJJ GHQVLW\ DV LW ZDV FORVH WR 
HJJFP IRUERWKVLPSOHDQGFRPSOH[SODQWV
7KH H[SHULPHQW WRRN SODFH DW    & ZLWKLQ D
FDJH  [  [  FP FRYHUHG ZLWK ZKLWH
PXVOLQ $ WXUQWDEOH VXSSRUWHG WKH H[SHULPHQWDO
VHWXS DQG SHUPLWWHG FRQWLQXRXV REVHUYDWLRQV RI
WKH SDUDVLWRLG ,Q DGGLWLRQ WR WKH IOXRUHVFHQW OLJKW
LQ WKH URRP D IOXRUHVFHQW OLJKW VLWXDWHG DW D
KHLJKW RI  FP RYHU WKH SODQW OLW WKH H[SHULPHQWDO
DUHQD DQG FUHDWHG D OLJKW LQWHQVLW\ RI  NLOROX[
RQ WKH SODQW 7KH OLJKW LQWHQVLW\ ZDV PHDVXUHG
ZLWK D /L&RU ZZZOLFRUFRP PRGHO /L
GDWDORJJHUDSSDUDWXV
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DUWLILFLDO SODQW )LJXUH  DQG ZDV PRQLWRUHG E\
GLUHFW REVHUYDWLRQ ZLWK WKH QDNHG H\H IRU RQH
KRXU RU XQWLO LW OHIW WKH SODQW 5HSOLFDWHV RI OHVV
WKDQ  PLQXWHV DQG WKRVH ZKHUH WKH SDUDVLWRLG
ZDV ORVW WR VLJKW IRU PRUH WKDQ RQH PLQXWH ZHUH
GLVFDUGHG $ QHZ WZLJ ZDV XVHG IRU HDFK RI WKH 
UHSOLFDWHV SHU SODQW VWUXFWXUH 7KH LQIRUPDWLRQ
UHODWLYH WR PRYHPHQWV RI WKH IHPDOH RQ WKH SODQW
ZDV FODVVLILHG LQWR IRXU FDWHJRULHV ORFRPRWLRQ
VXEVWUDWH OHDI VLGH DQG OHDI QXPEHU /RFRPRWLRQ
EHKDYLRUV LQFOXGHG ZDONLQJ VWDQGLQJ DQG IO\LQJ
7KH VXEVWUDWH FDWHJRULHV ZHUH WKH WZLJ OLPE
SHULPHWHU YHLQV DQG HJJV 7KH OHDI VLGHV ZHUH
HLWKHU LQIHULRU RU VXSHULRU )LQDOO\ WKH OHDI
QXPEHUV ZHUH FRGHG  WR  IRU WKH FRPSOH[ SODQW
DQG     DQG  IRU WKH VLPSOH SODQW
2EVHUYDWLRQV RQ VHDUFKLQJ EHKDYLRU RI WKH IHPDOH
ZHUH UHFRUGHG RQ D SRUWDEOH 7DQG\ 
FRPSDWLEOH ,%0 FRPSXWHU XVLQJ 2EVHUYHU
VRIWZDUH YHUVLRQ  1ROGXV ,QIRUPDWLRQ
7HFKQRORJ\ZZZQROGXVFRP
Data treatment and statistical analysis
7KH DUHD VHDUFKHG E\ IHPDOH SDUDVLWRLGV ZDV
HVWLPDWHG E\ XVLQJ WKH IRUPXOD 6$   1D1
:LHGHQPDQQ DQG 2¶1HLO  ZKHUH 6 LV WKH
HVWLPDWH RI OHDI DUHD VHDUFKHG LQ FP $ LV WKH
WRWDO DPRXQW RI OHDI DUHD DYDLODEOH WR VHDUFK
VLPSOH  FP FRPSOH[  FP 1D LV WKH
QXPEHU RI KRVWV HQFRXQWHUHG DQG 1 LV WKH
QXPEHU RI KRVWV DYDLODEOH IRU SDUDVLWL]DWLRQ  IRU
VLPSOHIRUFRPSOH[SODQWV
(QFRXQWHULQJ IUHTXHQF\ FRUUHVSRQGHG WR WKH
QXPEHU RI WLPHV DQ HJJ ZDV HQFRXQWHUHG E\ D
IHPDOH EHWZHHQ WKH UHSOLFDWHV ZKHUHDV
UHHQFRXQWHULQJ IUHTXHQF\ FRUUHVSRQGHG WR WKH
QXPEHU RI WLPHV D IHPDOH FDPH EDFN WR DQ HJJ
SUHYLRXVO\ HQFRXQWHUHG ZLWKLQ WKH VDPH UHSOLFDWH
0HDQ DQG FXPXODWLYH YDOXHV RI HQFRXQWHULQJ
IUHTXHQF\ DQG UHHQFRXQWHULQJ IUHTXHQF\ ZHUH
FRPSXWHG RYHU UHSOLFDWHV ZKHUH DW OHDVW RQH HJJ
ZDV HQFRXQWHUHG E\ IHPDOHV Q    IRU VLPSOH
SODQWV Q    IRU FRPSOH[ SODQWV 7LPH HODSVHG
EHWZHHQ VXFFHVVLYH GLVFRYHULHV RI WZR GLIIHUHQW
HJJV ZDV HVWLPDWHG IURP UHSOLFDWHV ZKHUH WKH
IHPDOH HQFRXQWHUHG DW OHDVW WZR GLIIHUHQW HJJV
ZLWKLQ RQH UHSOLFDWH Q    IRU VLPSOH SODQWV Q  
 IRU FRPSOH[ SODQWV 1R VWDWLVWLFDO WHVW ZDV
SHUIRUPHG LQ WKH ODWWHU FDVH EHFDXVH RI ODFN RI
UHSOLFDWHVIRUFRPSOH[SODQWV
t WHVWV IRU FRPSDULVRQ RI WZR PHDQV ZLWK
SUHOLPLQDU\ DVVHVVPHQW RI WKH HTXDOLW\ RI
YDULDQFHV F WHVWV ZHUH XVHG WR GHWHUPLQH LI
SODQW VWUXFWXUH KDG DQ RYHUDOO HIIHFW RQ VHDUFKLQJ
VWUDWHJLHV DQG VHDUFKLQJ HIILFLHQF\ %HFDXVH RI
LQHTXDOLWLHV LQ WKH OHQJWK RI WKH REVHUYDWLRQDO
SHULRG GHSHQGLQJ RQ WKH UHSOLFDWH RU WKH JURXS
VLPSOH YV FRPSOH[ SODQWV SURSRUWLRQV ZHUH
XVHG LQ VWDWLVWLFDO DQDO\VHV :KHQ WKH YDULDEOH ZDV
D GXUDWLRQ RI DFWLYLW\ D SURSRUWLRQ ZDV FDOFXODWHG
DV WKH UDWLR RI WKH LQLWLDO YDOXH RI WKH YDULDEOH WR
WKH OHQJWK RI WKH FRUUHVSRQGLQJ REVHUYDWLRQDO
SHULRG 3ULRU WR WKH F DQG t WHVWV WKH SURSRUWLRQ
GDWD ZHUH VXEPLWWHG WR WKH DUFVLQHVTXDUH URRW
WUDQVIRUPDWLRQ 6QHGHFRU DQG &RFKUDQ 
6XEVWUDWH DQG OHDI VLGH FDWHJRULHV ZHUH FRPELQHG
WR UHILQH WKH DQDO\VLV RI PRYHPHQW RI IHPDOH
SDUDVLWRLGV RQ WKH SODQW ([WUD FDWHJRULHV ZHUH 
OLPE LQIHULRU VLGH  OLPE VXSHULRU VLGH 
ZLWKLQSHULPHWHU LQIHULRU VLGH 
ZLWKLQSHULPHWHU VXSHULRU VLGH 6WDWLVWLFDO WHVWV
ZHUH SHUIRUPHG ZLWK 6$6 SURFHGXUH 77(67 6$6
,QVWLWXWH
7R WHVW LI SODQW VWUXFWXUH LQIOXHQFHG UHVLGHQFH
WLPH WKH SURSRUWLRQ RI IHPDOHV WKDW VWD\HG IRU RQH
KRXU ZHUH FRPSDUHG EHWZHHQ SODQW VWUXFWXUHV 7R
WHVW LI SODQW VWUXFWXUH LQIOXHQFHG IOLJKW DQG OHDYLQJ
IUHTXHQFLHV D  [  FRQWLQJHQF\ WDEOH ZDV
FRQVWUXFWHG 'LIIHUHQFHV ZHUH FRPSDUHG XQGHU
WKH QXOO K\SRWKHVLV RI HTXDO IUHTXHQFLHV EHWZHHQ
VLPSOH DQG FRPSOH[ SODQW VWUXFWXUH E\ XVLQJ D
&KLVTXDUHWHVW
Results
7KH IRUDJLQJ EHKDYLRU WKDW ZDV W\SLFDOO\ REVHUYHG
VWDUWLQJ IURP WKH UHOHDVH SRLQW FDQ EH GHVFULEHG DV
ZDONLQJ DORQJ WKH WZLJ WDNLQJ D FRQQHFWLRQ D
SHWLROH ZDONLQJ UDSLGO\ DORQJ WKH ODWWHU
H[SORULQJ WKH OHDI E\ ZDONLQJ LQ D UHODWLYHO\
VWUDLJKW FRXUVH DQG ZDONLQJ LQWHUUXSWHG E\ VKDUS
WXUQV 6XFK REVHUYDWLRQV ZHUH DOVR UHSRUWHG E\
*DUGQHU DQG YDQ /HQWHUHQ  )HPDOHV RIWHQ
VWD\HG IRU ORQJ SHULRGV QRW PRYLQJ DQG SUHHQLQJ
WKHPVHOYHV
Searching strategy
3ODQW VWUXFWXUH KDG QR VLJQLILFDQW HIIHFW RQ
GXUDWLRQ RI DFWLYLWLHV UHODWHG WR ORFRPRWLRQ VXFK
DV ZDONLQJ VWDQGLQJ DQG IO\LQJ 7DEOH  )O\LQJ
UDUHO\ RFFXUUHG DQG ZKHQ REVHUYHG LW ZDV WR OHDYH
WKH SODQW )O\LQJ ZDV REVHUYHG LQ  UHSOLFDWHV IRU
ERWKVLPSOHDQGFRPSOH[SODQWV
7KH WLPH VSHQW RQ WKH GLIIHUHQW SODQW SDUWV GLG QRW
GLIIHU EHWZHHQ VLPSOH DQG FRPSOH[ SODQWV H[FHSW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1&RPSDULVRQRIPHDQVEHWZHHQWKHWZRH[SHULPHQWDOJURXSVIRUYDULDEOHVUHODWHGWRWKHWLPHVSHQWE\
Trichogramma IHPDOHVLQYDULRXVDFWLYLWLHVDQGH[SUHVVHGDVDSURSRUWLRQLHUHODWLYHO\WRWKHOHQJWKRIWKH
REVHUYDWLRQDOSHULRG
Behavior Plant structure n Mean time proportion ± Std Result of of t test
Locomotion
6LPSOH  
ZDONLQJ QV
&RPSOH[  
6LPSOH  
VWDQGLQJ QV
&RPSOH[  
6LPSOH  
IO\LQJ QV
&RPSOH[  
Substrate
6LPSOH  
WZLJ QV
&RPSOH[  
6LPSOH  
ZLWKLQSHULPHWHU QV
&RPSOH[  
6LPSOH  
YHLQV 

&RPSOH[  
6LPSOH  
OLPE QV
&RPSOH[  
6LPSOH  
HJJV QV
&RPSOH[  
Leaf side
6LPSOH  
LQIHULRU QV
&RPSOH[  
6LPSOH  
VXSHULRU QV
&RPSOH[  
6LPSOH  
OLPELQIHULRUVLGH QV
&RPSOH[  
6LPSOH  
OLPEVXSHULRUVLGH QV
&RPSOH[  
ZLWKLQSHULPHWHU 6LPSOH   

LQIHULRUVLGH &RPSOH[  
ZLWKLQSHULPHWHU 6LPSOH  
QV
VXSHULRUVLGH &RPSOH[  
RQDOHDIZLWKRXW 6LPSOH   

HQFRXQWHULQJDQHJJ &RPSOH[  
EHIRUHHQFRXQWHULQJ 6LPSOH  
QV
WKHILUVWHJJ &RPSOH[  
EHWZHHQVXFFHVVLYH 6LPSOH  
QD
GLVFRYHULHVRIWZRHJJV &RPSOH[  
6LPSOH  
KDQGOLQJWLPH QV
&RPSOH[  
RQSODQW 6LPSOH  
QV
WRWDOUHVLGHQFH &RPSOH[  
7KHVWDWLVWLFDOWHVWXVHGWRFRPSDUHPHDQVLVWKH t WHVWZLWKSUHOLPLQDU\FRPSDULVRQRIWKHYDULDQFHVZLWKD F WHVW
Q QXPEHURIUHSOLFDWHV

 WKHWZRPHDQWLPHVDUHVLJQLILFDQWO\GLIIHUHQWDW p  QV WKH\DUHQRWVLJQLILFDQWO\GLIIHUHQW
IRU WKH YHLQV 7DEOH  )HPDOH SDUDVLWRLGV VSHQW
VLJQLILFDQWO\ PRUH WLPH RQ YHLQV ZKHQ RQ D
FRPSOH[ SODQW FRPSDUHG WR D VLPSOH RQH :KHQ
FRPSDULQJ WKH WLPH EXGJHW IRU WKH LQIHULRU DQG
VXSHULRU VLGHV RI OHDYHV QR VLJQLILFDQW GLIIHUHQFH
ZDV IRXQG IRU WKH VLGH RI WKH OHDI DQG WKH OLPE
7DEOH  +RZHYHU IHPDOHV VSHQW VLJQLILFDQWO\
PRUH WLPH RQ WKH LQIHULRU VLGH RI WKH SHULPHWHU RI
FRPSOH[SODQWFRPSDUHGWRVLPSOHSODQW
Searching efficiency
7LPH VSHQW RQ OHDYHV ZLWKRXW HQFRXQWHULQJ DQ HJJ
ZDV VLJQLILFDQWO\ ORZHU RQ VLPSOH SODQW VWUXFWXUHV
WKDQ RQ FRPSOH[ RQHV 7DEOH  7KH DYHUDJH WLPH
WR HQFRXQWHU WKH ILUVW HJJ DQG KDQGOLQJ WLPH ZHUH
QRW LQIOXHQFHG E\ SODQW VWUXFWXUH 7KH WLPH
HODSVHG EHWZHHQ VXFFHVVLYH GLVFRYHULHV RI WZR
GLIIHUHQW HJJV PD\ KDYH EHHQ KLJKHU RQ WKH VLPSOH
SODQW VWUXFWXUH FRPSDUHG WR WKH FRPSOH[ SODQW
VWUXFWXUH EXW LW ZDV REVHUYHG LQ RQO\ RQH
UHSOLFDWH RQ WKH FRPSOH[ SODQW 7KH DYHUDJH
QXPEHU RI GLIIHUHQW HJJV IRXQG SHU KRXU ZKLFK
UHIOHFWV KRVW ILQGLQJ FDSDFLW\ DQG VHDUFKLQJ
HIILFLHQF\ DW WKH VFDOH VWXGLHG ZDV  RU  
 DIWHU DUFVLQ WUDQVIRUPDWLRQ Q    RQ
VLPSOH DQG  RU    DIWHU DUFVLQ
WUDQVIRUPDWLRQ Q    RQ FRPSOH[ SODQWV DQG D
WWHVW VKRZHG VLJQLILFDQW GLIIHUHQFHV W YDOXH  
ï 3  7KH PHDQ SURSRUWLRQ RI DUHD
VHDUFKHG E\ IHPDOH SDUDVLWRLGV ZDV DOPRVW WZLFH
DV ODUJH RQ VLPSOH    FP Q    WKDQ
RQ FRPSOH[    FP Q    SODQWV DQG
WKLV GLIIHUHQFH ZDV VLJQLILFDQWO\ GLIIHUHQW WYDOXH
  ï 3  3ODQW VWUXFWXUH KDG QR HIIHFW
RQ UHVLGHQFH WLPH RQ SODQWV E\ IHPDOH SDUDVLWRLGV
7KH SDWFK UHVLGHQFH WLPH RI IHPDOHV ZDV QRW
VWDWLVWLFDOO\VLJQLILFDQWƵ  16
$OO HJJV ZHUH HQFRXQWHUHG RQ VLPSOH SODQW
VWUXFWXUHV EXW QRW RQ FRPSOH[ RQHV DV UHYHDOHG E\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 2&XPXODWLYHHQFRXQWHULQJIUHTXHQF\()DQGFXPXODWLYHDQGPHDQUHHQFRXQWHULQJIUHTXHQF\5()RI
HJJVIRUUHSOLFDWHVZKHUHDWOHDVWRQHHJJZDVIRXQG
Simple (n= 23) Complex (n= 11)
Egg Number
EF REF EF REF
    *** QD
    
    ** QD
    * QV
    QD
    * QD
    QV
     
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VLJQLILFDQWDWDIWHUDSSOLFDWLRQRIFKLVTXDUH
HQFRXQWHULQJ IUHTXHQF\ YDOXHV 7DEOH  2Q ERWK
VLPSOH DQG FRPSOH[ SODQW VWUXFWXUHV HJJ  ZDV
WKH OHDVW IUHTXHQWO\ HQFRXQWHUHG GHVSLWH EHLQJ
VLWXDWHG RQ WKH WZLJ WKXV DORQJ D UHODWLYHO\
VWUDLJKW OLQH WUDMHFWRU\ IURP WKH SRLQW RI UHOHDVH
)HPDOHV KDG D VWURQJ WHQGHQF\ WR FRPH EDFN WR DQ
HJJ SUHYLRXVO\ HQFRXQWHUHG DV LQGLFDWHG E\ KLJK
FXPXODWLYH DQG PHDQ UHHQFRXQWHULQJ IUHTXHQF\
YDOXHV &XPXODWLYH DQG PHDQ UHHQFRXQWHULQJ
IUHTXHQFLHV RI DQ HJJ ZHUH VLJQLILFDQWO\ KLJKHU RQ
VLPSOH WKDQ RQ FRPSOH[ SODQW VWUXFWXUH IRU HJJ
VLWXDWHG RQ OHDI QXPEHU    DQG  $OVR D
IHPDOH FDPH EDFN EHWZHHQ WZR DQG IRXU WLPHV WR
WKH VDPH HJJ RQ VLPSOH SODQW VWUXFWXUH DQG IRXU
WLPHV IRU WKH RQO\ UHSOLFDWH ZKHUH LW RFFXUUHG RQ
FRPSOH[SODQWVWUXFWXUH7DEOH
Discussion
6HDUFKLQJ ZLWKLQ WKH KRVW KDELWDW LQ WKH DEVHQFH
RI FXHV IURP KRVWV RU SODQWV LV DVVXPHG WR EH
UDQGRP IRU PRVW SDUDVLWRLGV :DDJH  9LQVRQ
 ,Q WKLV H[SHULPHQW LW ZDV DVVXPHG WKDW
IHPDOHV GLG QRW KDYH DFFHVV WR FXHV DV SODVWLF
SODQWV DQG GHDG KRVW HJJV ZHUH XVHG ,Q VXFK D
FRQWH[W WKH QXPEHU RI HJJV HQFRXQWHUHG ZLOO
GHSHQG RQ WKH DUHD VHDUFKHG SHU WLPH XQLW
6NHOODP  ,QGHHG RQ WKH VLPSOH SODQW
VWUXFWXUH IHPDOHV H[SORUHG JUHDWHU VXUIDFH DUHDV
SHU IRUDJLQJ WLPH XQLW DQG IRXQG KRVW HJJV DW D
KLJKHUIUHTXHQF\
+RZHYHU VHDUFKLQJ KDV D FRVW DV LW UHGXFHV WLPH
DOORFDWHG WR RYLSRVLWLRQ DQG HDWLQJ DQG LQFUHDVHV
ULVNV DVVRFLDWHG ZLWK SUHGDWLRQ 6WHSKHQV DQG
.UHEV  )HPDOH SDUDVLWRLGV VKRXOG DLP WR
LQFUHDVH WKH DUHD VHDUFKHG SHU WLPH XQLW WKURXJK
WKH XVH RI HIILFLHQW VHDUFKLQJ VWUDWHJLHV LQ RUGHU WR
HQFRXQWHU JUHDWHU QXPEHU RI KRVWV DQG KDYH
JUHDWHUILWQHVV
Searching strategy
7KH DUHD VHDUFKHG SHU XQLW WLPH GHSHQGV RQ WKH
W\SH RI DFWLYLW\ DQG WKH WLPH EXGJHW RI WKHVH
DFWLYLWLHV )RU VHGHQWDU\ KRVWV OLNH HJJV IHPDOH
SDUDVLWRLGV WKDW DGDSW D VWUDWHJ\ WKDW PD[LPL]HV
PRYHPHQW HLWKHU E\ ZDONLQJ RU IO\LQJ WR FRYHU
PRVW RI WKH VWUXFWXUH RI D SODQW VKRXOG EH PRUH
DGDSWLYH )OLJKW ZDV QRW REVHUYHG IUHTXHQWO\ DQG
ZKHQ LW ZDV REVHUYHG LW ZDV WR OHDYH WKH SODQW EXW
ZDV UDUHO\ XVHG WR PRYH IURP RQH SODQW SDUW WR
DQRWKHU <HW GLVSHUVDO E\ IHPDOH Trichogramma
WR RWKHU SODQWV RU SODQW SDUWV LQFUHDVHV WKHLU
FKDQFHV RI ILQGLQJ KRVWV RU KRVW FXHV %HOO 
2EVHUYDWLRQV RQ IOLJKW E\ Trichogramma DUH UDUH
UHYLHZHG LQ .HOOHU HW DO  1ROGXV HW DO 
)RUVVH HW DO  DQG XQGHUVWDQGDEO\ VR
EHFDXVH WKH PLQXWH VL]H RI WKH LQVHFW PDNHV LW
GLIILFXOW WR REVHUYH Trichogramma IHPDOHV
FRYHUHG PRVW SODQW SDUWV EXW ZKLOH RQ OHDYHV
VSHQW RQH WKLUG RI WKHLU WLPH RQ D OLPE D UHVXOW
WKDW FDQ SDUWLDOO\ H[SODLQ WKH ORZ HQFRXQWHULQJ
IUHTXHQF\ RI HJJV VLQFH WKH ODWWHU ZHUH ORFDWHG
DURXQG WKH SHULPHWHU 6XFK D UHVXOW LV GLIIHUHQW
IURP WKH REVHUYDWLRQV RI 6XYHUNURSS  ZKR
REVHUYHG WKDW T. brassicae   maidis IHPDOHV
VSHQW  WR  SHUFHQW RI WKHLU WLPH RQ WKH OHDI
IROORZLQJ YHLQV DQG HGJHV DQG WKRVH RI 1ROGXV HW
DO  ZKR REVHUYHG WKDW T. evanescens VSHQW D
VLJQLILFDQW DPRXQW RI WLPH RQ WKH OHDI HGJH RI
%UXVVHOV VSURXWV 0RUHRYHU IHPDOH T.
turkestanica VSHQW ZKDWHYHU WKH SODQW VWUXFWXUH
ZDV D JUHDWHU DPRXQW RI WLPH RQ WKH LQIHULRU
UDWKHU WKDQ RQ VXSHULRU VLGH RI OHDYHV
Trichogramma brassicae DOVR VSHQW D JUHDWHU
SURSRUWLRQ RI WLPH RQ ORZHU UDWKHU WKDQ XSSHU
VXUIDFH RI FRUQ OHDYHV *DVV  GLVFXVVHG LQ
%LJOHUHWDO
Searching efficiency
6HDUFKLQJ HIILFLHQF\ LV UHODWHG WR KRVW ILQGLQJ
FDSDFLW\ ZKLFK LV GHILQHG E\ WKH QXPEHU RI KRVWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRXQG SHU XQLW RI WLPH 9HW  $W WKH SODQW
VFDOH VWXGLHG IHPDOH SDUDVLWRLGV IRXQG DOPRVW
WZLFH DV PDQ\ HJJV RQ VLPSOH  SHU KRXU WKDQ
RQ FRPSOH[ SODQW VWUXFWXUHV  SHU KRXU
)HPDOHV HQFRXQWHUHG HJJV PRUH IUHTXHQWO\ RQ
VLPSOH SODQWV EHFDXVH WKH VSDWLDO RUJDQL]DWLRQ RI
WKHVH PD\ KDYH IDYRUHG OLQHDU ZDONLQJ DQG KLJK
ZDONLQJ YHORFLW\ ZKLFK LQFUHDVH SUREDELOLW\ RI
HQFRXQWHULQJ KRVWV RU FXHV %LHUL HW DO  LQ
%LJOHU HW DO  $Q\ LQFUHDVH LQ FRQQHFWLYLW\
DOVR LQFUHDVHV WKH QXPEHU RI SDWKZD\V DQG
SRVVLEOH GLUHFWLRQV WKDW D IRUDJLQJ IHPDOH FDQ WDNH
WR ILQG DQ HJJ )HPDOHV PD\ VWRS PRUH IUHTXHQWO\
RU UHGXFH ZDONLQJ VSHHG SULRU WR WDNLQJ RQH
SDWKZD\ RU DQRWKHU 7KXV RUWKRNLQHWLF
PRYHPHQWV EHFRPH PRUH GLIILFXOW DQG RYHUODS RI
VHDUFK SDWKV PD\ RFFXU PRUH IUHTXHQWO\ RQ
FRPSOH[ SODQW VWUXFWXUHV )RU LGHQWLFDO KRVW
GHQVLWLHV SHU SODQW VXFK DV LQ WKLV VWXG\
SDUDVLWRLGV PD\ SHUFHLYH FRPSOH[ SODQWV DV
SDWFKHV RI ORZHU TXDOLW\ EHFDXVH PRUH WLPH LV
QHHGHG WR GLVFRYHU KRVWV +RZHYHU PHDQ
SURSRUWLRQ RI WRWDO UHVLGHQFH WLPH RQ WKH SODQW
ZDV QRW DIIHFWHG E\ SODQW VWUXFWXUH 2QH
K\SRWKHVLV IRU VXFK D UHVXOW FRXOG EH WKH SUHVHQFH
RI D ORZHU WKUHVKROG RI FRPSOH[LW\ RYHU ZKLFK
VXFK GLIIHUHQFHV FRXOG EH REVHUYHG LQ WRWDO
UHVLGHQFH WLPH )DFWRUV WKDW LQIOXHQFH SDWFK
UHVLGHQFH WLPH LQFOXGH ULFKQHVV DQG TXDOLW\ RI WKH
SDWFK SUREDELOLW\ RI VXUYLYDO RI WKH IHPDOH DQG
WUDYHO ULVNV 6WHSKHQV DQG .UHEV  %HOO 
2Q VLPSOH SODQW VWUXFWXUHV ULFKQHVV DQG TXDOLW\
GHFUHDVHG PRUH UDSLGO\ ZKLFK PD\ H[SODLQ ZK\
IHPDOHV OHIW PRUH IUHTXHQWO\ EHIRUH WKH KRXU RI
REVHUYDWLRQZDVFRPSOHWHG
,W ZDV H[SHFWHG WKDW HJJV VLWXDWHG DORQJ WKH WZLJ
HJJV  DQG  WKXV DORQJ D VWUDLJKW OLQH ZRXOG EH
PRUH IUHTXHQWO\ HQFRXQWHUHG GXH WR RUWKRNLQHWLF
PRYHPHQW SUHGRPLQDQFH $V UHYHDOHG E\ WKH
REVHUYHG IUHTXHQFLHV RI OHDYHV H[SORUHG
NOLQRWD[LV PRYHPHQWV ZHUH SUHGRPLQDQW ZKLFK
H[SODLQV ZK\ OHDYHV FORVH WR WKH UHOHDVLQJ SRLQW
ZHUH YLVLWHG ILUVW 6XFK EHKDYLRU DOVR H[SODLQHG
ZK\ HJJ  HLWKHU RQ VLPSOH RU RQ FRPSOH[ SODQWV
ZDV UDUHO\ HQFRXQWHUHG ,W ZDV H[SHFWHG WKDW WLPH
EHIRUH HQFRXQWHULQJ WKH ILUVW HJJ ZRXOG KDYH EHHQ
LQIOXHQFHG E\ SODQW VWUXFWXUH 7KH VLPLODU VSDWLDO
FRQILJXUDWLRQ DQG HJJ SRVLWLRQ IRU WKH VLPSOH DQG
FRPSOH[ SODQW PRGHOV DQG WKH VHDUFKLQJ VWUDWHJ\
FRQVLVWLQJ LQ H[SORULQJ WKH ILUVW FRQQHFWLRQ PHW
FRXOGH[SODLQZK\QRGLIIHUHQFHVZHUHREWDLQHG
$IWHU RYLSRVLWLQJ SDUDVLWRLGV LQFOXGLQJ T.
turkestanica RIWHQ PDNH DQ LQWHQVLYH LQYHVW
LJDWLRQ RI WKH DUHD DGMDFHQW WR WKH KRVW DQ
REVHUYDWLRQ UHSRUWHG LQ SUHYLRXV VWXGLHV /DLQJ
 -DFNVRQ  +RN\R DQG .LULWDQL 
0RUHRYHU IHPDOHV KDG D VWURQJ WHQGHQF\ WR FRPH
EDFN PRUH WKDQ RQFH WR WKH HJJ WKDW WKH\ KDG MXVW
SDUDVLWL]HG D EHKDYLRU WKDW UHGXFHG VHDUFKLQJ
HIILFLHQF\ DQG WKDW PD\ OHDG WR VXSHUSDUDVLWLVP
:KDW FRXOG EH WKH EHQHILWV RI VXFK D EHKDYLRU" ,W
LV SRVVLEOH WKDW LW LV PRUH FRPPRQ ZLWK \RXQJHU
DQG XQH[SHULHQFHG IHPDOHV 7\SLFDO HJJ OD\LQJ
EHKDYLRU ZDV VRPHWLPHV REVHUYHG RQ D SUHYLRXVO\
SDUDVLWL]HG HJJ VXJJHVWLQJ VXSHUSDUDVLWLVP
5RVHQKHLP DQG 0DQJHO  UHSRUW WKDW D
SDUDVLWRLG ZLWK DQ LPSHUIHFW DELOLW\ WR
GLVFULPLQDWH EHWZHHQ XQSDUDVLWL]HG KRVWV DQG
KRVWV WKDW LW KDG DWWDFNHG HDUOLHU ZLWKLQ WKH VDPH
SDWFK H[SHULHQFHV D ULVN RI VHOIVXSHUSDUDVLWLVP
ZKHQ DWWDFNLQJ PXOWLSOH KRVWV ZLWKLQ D VLQJOH
SDWFK 5HSHDWLQJ WKHVH H[SHULPHQWV XVLQJ IHPDOHV
RI GLIIHUHQW DJHV DQG OHYHOV RI H[SHULHQFH UHODWLYHO\
WRHJJOD\LQJPD\DQVZHUWKHVHTXHVWLRQV
&RPSOH[LW\ RI SODQWV LV DQ LPSRUWDQW IDFWRU LQ
IRUDJLQJ DFWLYLWLHV ,Q QDWXUH IHZ KRVW VSHFLHV DUH
IRXQG RQ D XQLIRUP IHDWXUHOHVV VXUIDFH DQG
SDUDVLWRLGV JRLQJ WKURXJK WKH KRVW ORFDWLRQ
SURFHVV ZLOO RIWHQ UHTXLUH PRUH WKDQ D VLQJOH
VWUDWHJLF GHFLVLRQ 7KH GLVFRYHU\ RI D KRVW
UHSUHVHQWV WKH RXWFRPH RI D KLHUDUFKLFDO VHULHV RI
GHFLVLRQV WKDW LPSDFW WKH FDSDFLW\ RI SDUDVLWRLGV
WRPD[LPL]HWKHLUOLIHWLPHILWQHVVJDLQ
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